publicado na web em 23/07/2015 Synthesis, spectral identification, and magnetic properties of three complexes of Ni(II), Cu(II), and Zn(II) are described. All three compounds have the general formula [M(L) 2 (H 2 O) 2 ], where L = deprotonated phenol in the Schiff base 2-((z)-(3-methylpyridin-2yleimino)methyl)phenol. The three complexes were synthesized in a one-step synthesis and characterized by elemental analysis, Fourier transform infrared spectroscopy, electronic spectra, X-ray diffraction (XRD), and room temperature magnetic moments. The Cu(II) and Ni(II) complexes exhibited room temperature magnetic moments of 1.85 B.M. per copper atom and 2.96 B.M. per nickel atom. The X-band electron spin resonance spectra of a Cu(II) sample in dimethylformamide frozen at 77 K (liquid nitrogen temperature) showed a typical ΔM S = ± 1 transition. The complexes ([M(L) 2 (H 2 O) 2 ]) were investigated by the cyclic voltammetry technique, which provided information regarding the electrochemical mechanism of redox behavior of the compounds. Thermal decomposition of the complexes at 750 °C resulted in the formation of metal oxide nanoparticles. XRD analyses indicated that the nanoparticles had a high degree of crystallinity. The average sizes of the nanoparticles were found to be approximately 54.3, 30.1, and 44.4 nm for NiO, CuO, and ZnO, respectively.
INTRODUCTION
Synthesis and spectral characterization of transition metal complexes with Schiff base as the Ligand has been investigated extensively over the past three decades. [1] [2] [3] [4] [5] [6] Schiff bases have potential sites, such as nitrogen and other donors; it may be attributed to their stability and applications in many fields, such as catalysis, analytical, pharmacological, and industrial area. 7, 8 It has been proved that Schiff base biologically active compounds indicate greater activity when treated as metal complexes than as freecompounds. 9, 10 The Schiff base Ligands and their complexes are known to act as anti-bacterial, anti-cancer and anti-inflammatory activities. [11] [12] [13] [14] [15] They play important roles in both synthetic and structural research. 16, 17 Many Schiff base complexes exhibit excellent catalytic activity at high temperatures (>100 °C). In last decade, there have been many research reports on their applications in homogeneous and heterogeneous catalysis. 18, 19 Many transition and non-transition metal complexes with bi, tri-and tetra-dentate Schiff bases containing nitrogen and oxygen donor atoms play important role in biological systems. A few thermo-chemical investigations on a series of Co(II) and Cu(II) complexes has been reported by researchers. 20, 21 With increase in preparation of nano--devises with nano-size, more attention has been focused on showing a general procedure to control the size of nano-scale materials. [22] [23] [24] [25] In last twenty years, considerable attention has been focused to the synthesis of metal oxide nanoparticles because of their unusual properties and potential application in electronic, catalytic and magnetic materials. [26] [27] [28] [29] [30] Number of methods have been introduced for the synthesis of nanoparticles such as photolytic, 31, 32 solvent extraction, 33 micro-emulsion, 34 alcohol reduction, 35 and thermal decomposition. 36 Based on the properties of Schiff bases compounds, we report the synthesis and spectral identification of a new Schiff base2-((z)-(3--methylpyridin-2-yleimino)methyl)phenol (Ligand). Nickel(II), copper(II) and zinc(II) complexes of this Ligand were prepared in one-step synthesis and their structures were identified by elemental analysis, FTIR spectroscopy, UV-Vis spectroscopy and magnetic moment measurements. Decomposition of the complexes at 750 o C results high-quality metal oxide (MO) nanoparticles.
EXPERIMENTAL

Chemicals
All the used chemicals were purchased from Merck Chemical Company and were used without further purifications.
Synthesis of Schiff base 2-((z)-(3-methylpyridine-2-yleimino) methyl)phenol; (L)
Ten mmol (1.22 g) salicylaldehyde and ten mmol (1.08 g) 2-amino-3-methylpyridine each dissolved in 25 ml CH 3 OH. The salicylaldehyde solution was then added slowly to 2-amino-3-methylpyridin solution with few drops of concentrated sulfuric acid. The resulting reaction mixture was refluxed for 3 h and then allowed to cool down at room temperature. By addition of 50 ml distilled water to the mixture, the yellow colored precipitate of Schiff base obtained was filtered and washed with cold ethanol several times (yield: 96%).
Elemental analysis for C 13 
Synthesis of the complexes
The complexes were prepared according to the following general procedure:
One mmol of copper(II) bromide tetra-hydrate dissolved in 25 ml of CH 3 OH and 2.1 mmol 2-((z)-(3-methylpyridin-2-yleimino)methyl) phenol (Ligand) dissolved in 25 ml of (C 2 H 5 ) 2 O. The Cu(II) bromide solution was then added slowly to the Ligand solution, preventing any precipitation, filtered to remove any solids. After the solution stood for two days, the brown compound was separated and washed with cold CH 3 CN several times (yield: 85%).
Elemental analysis for CuC 26 
One mmol of Nickel(II) bromide tri-hydrate dissolved in 25 ml distilled water and 2.1 mmol of 2-((z)-(3-methylpyridin-2-yleimino) methyl)phenol (Ligand) dissolved in 25 ml of C 2 H 5 OC 2 H 5 . The Ni(II) bromide solution was then added slowly to the Ligand solution, preventing any precipitation, filtered to remove any solids. 37 After the solution stood for five days, the product was separated and washed with cold CH 3 CN several times (yield: 79%).
Elemental analysis for NiC 26 
One mmol of Zn(II) bromide tri-hydrate dissolved in 25 ml distilled water and 2.1 mmol of 2-((z)-(3-methylpyridin-2-yleimino) methyl)phenol (Ligand) dissolved in 25 ml of C 2 H 5 -O-C 2 H 5 . The Zn(II) bromide solution was then added slowly to the Ligand solution, preventing any precipitation, filtered to remove any solids. After the solution stood for five days, the product was separated and washed with cold CH 3 CN several times (yield: 81%).
Elemental analysis for ZnC 26 H 26 N 4 O 4 ; (C 3 ); Found: C, 61.94; H, 5.37; N, 11.53; Zn, 13.04%. Cal.; C, 59.61; H, 5.00; N, 10.69; Zn, 12.48%.
The proposed structure for all three complexes are shown in Figure 1 .
PHYSICAL MEASUREMENTS
C, H and N determinations were measured using an Elementar Analysis System Gmb H Vario EL II. Ni, Cu and Zn determinations were obtained on a Perkin-Elmer 2380 Atomic Absorption Spectrophotometer. Electronic spectra were recorded on a Perkin-Elmer Lambda 900 spectrophotometer using the diffuse reflectance technique, and MgO was used as a reference. FTIR spectra were carried out in the 4000-400 cm -1 range as KBr disks using a Galaxy series FTIR 5000 spectrophotometer. The spectra were calibrated using polystyrene bands at 3028, 1601 and 1208 cm -1 . X-band electron spin resonance spectra were measured on powders and frozen solutions of the complexes at both room and at liquid nitrogen temperatures in DMF on an IBM electron spin resonance spectrometer using DPPH (g = 2.0036) as a standard. The room temperature magnetic moment of each complex was obtained according to the Evans method. NMR determination was determined on a Bruker 300 MHz spectrometer. The X-ray diffraction measurements were recorded using a Philips X'pert-Pro System. Cyclic voltammeric studies were carried out on a Metrohm 663 VA Stand -Metrohm Autolab.
RESULTS AND DISCUSSION
The spectroscopic data for all complexes are shown in Table 1 .
The electronic spectra of all compounds were obtained from solid state using the diffuse reflectance technique. The electronic spectrum of the free Ligand shows three high intensity absorption bands at 215, 270 and 320 nm indicating n → π*, π → π* and σ → π* transitions. [38] [39] [40] The Cu(II) complex (C 1 ) shows absorption bands at 272, 325 and 460 nm. The first two absorption bands are assigned ton → π*, π → π* and σ → π* transitions and the third band at 460 nm corresponds to 2 E g → 2 T 2g transition. The Ni(II) complex (C 2 ) indicates absorption bands at 255, 260 and 390 nm. The absorption band at 390 nm is assignable to 3 A 2g → 3 T 2g and band at 260 nm can be attributed to Ligand → metal charge transfer. [41] [42] [43] The absorption band at 255 nm is assignable to n → π* or π → π* transitions. The Zn(II) complex (C 3 ) indicates high intensity absorption bands at 275 and 310 nm are assignable to n → π* or π → π* and Ligand → metal charge transfer, respectively. 44, 45 The IR spectra of the complexes were compared with those the free Ligandto indicate the interaction of coordination sites with metal ions. Characteristic signals in spectra of the free Ligand and complexes were considered. The peak in the Ligand spectra at 1370 cm -1 due to the deformation of OH group and was disappeared in the complexes. This indicates deprotonation of phenolic OH, on coordination with metal ion. Peak at 1280 cm -1 corresponds to phenolic ν(C-O) in Ligand spectra shifts to 1338 ± 10 cm -1 in the metal complexes. [46] [47] [48] [49] [50] [51] [52] Theappearance of a broadband around 3420 ± 15 cm -1 in the spectra of complexes can be assigned to water molecule in the complexes. The peak at 700 ± 10 cm -1 ν(-OH rocking), due to the presence of coordinated water molecule in complexes. The new peaks of weak intensity observed at 550 ± 20 and 480 ± 15 cm -1 in the spectra of complexes, are attributed to ν(M-O) and ν(M-N) mode, respectively. [53] [54] [55] [56] [57] [58] The magnetic moments of both complexes (C 1 and C 2 ) were determined by the Evans method. 59, 60 This method is based on the principle that the position of a given proton resonance (t-butyl alcohol) in the spectrum of a molecule is dependent on the bulk susceptibility of the medium. The shift of a proton resonance line of an inert substance due to the presence of paramagnetic ions is given by theoretical expression (1): In this equation Δυ is the shift of υ o (frequency) in the applied field, χ υ is the volume susceptibility of the solution containing paramagnetic ions and χ υ' is the volume susceptibility of the reference solution. The value of 1.85 and 2.96 B.M. were found for (C 1 ) and (C 2 ), respectively. The electron spin resonance (ESR) spectra of Cu(II) complex as powder ( Figure 2 ) and frozen solution ( Figure 3) were measured in X-band frequencies at room and liquid nitrogen temperatures to provide evidence for the ground-state configuration of copper(II) ions. In the solid state, only a weak and broad signal with g av. = 2.23 were found indicating the presence of unpaired electron in the dx 2 -y 2 orbital of copper(II) ion. The g av. value is closed to those reported for a number of distorted copper(II) complexes. Moreover, the observed g av . value is ≤ 2.3 suggesting a covalent nature of metal-Ligand bonds in the complex. [61] [62] [63] Such behavior is also reported in the literature. 64,65 T he frozen solution of the complex was obtained in DMF at liquid nitrogen temperature. The spectral features of the complex show four fairly resolved hyperfine lines ( 63,65 Cu, I = 3/2) corresponding to -3/2, -1/2, 1/2, 3/2 transitions. The signal corresponding to M I = 3/2 splits into five peaks with a superhyperfine constant A ≈ 15 G in the spectra of complex indicates each Cu(II) ion has two nitrogen atoms. 66 In the parallel region, three of the four copper hyperfine lines are well resolved while perpendicular features overlap the fourth one. The analysis of the parallel part of the spectra, the line width of the M I = 3/2, component is small compared with the nitrogen coupling constants, leading to the appearance of a nitrogen superhyperfine pattern. The splitting in the perpendicular region of the spectra can be attributed to interaction of an unpaired electron spin with the copper nuclear spin and two 14 N (I = 1) donor nuclei. The smaller g ll values for the complexes indicated delocalization of the unpaired electron spin density away from the copper nucleus and may be interpreted in terms of the increased covalency of the Cu-L bond. [67] [68] Kivelson and Neiman 69 have reported that g ll values ≤2.3 indicate considerable covalent character to M-L bonds and >2.3 indicate ionic character. The g ll value of the complex is found to be ≤2.34, which indicates considerable covalent character to the Cu-L bond. The spin parameters for the copper complex (C 1 ) are calculated from the spectra. The observed data (A ll = 150; g ll = 2.34 >g ⊥ = 2.08) indicates that the complex is axially elongated octahedral geometry. Furthermore, it is also supported from the fact that the unpaired electron lies predominantly in the dx 2 -y 2 orbital. Dutton et al. reported that g ll is 2.4 for copper-oxygen bonds, 2.3 for copper-nitrogen bonds. For mixed copper-nitrogen and copper-oxygen system, there is a small variation inthe point symmetry from octahedral geometry. 70 The cyclic voltammetric behavior of copper(II) complex (0.002 mol) ( Figure 4 ) was studied in 0.1 mol tetramethylammonium nitrate (TMAN) in DMSO at room temperature, in potential range -1.4 to +0.1 V with a scan rate of 100 mVs -1 . The complex shows a quasi-reversible signal in the negative region, characteristic of the Cu(II) → Cu(I) couple at Ep c = -0.880 V. The anodic peak at Ep a = -0.529 V is for Cu(I) → Cu(II) oxidation. The reversible behavior indicates that both Cu(II) and Cu(I) complexes of the Schiff base are stable in DMSO at the electrode surface. 71 Nickel(II) complex (0.002 mol), was studied in 0.1 (TMAN) in DMSO at room temperature, in potential range -1.4 to +0.1 V with a scan rate of 100 mVs -1 . The reduction wave (Ep c = -0.765 V) belongs to Ni(II) → Ni(I) reaction is obtained in the cathodic potential region. The peak at Ep a = -0.567 V, is assignable to Ni(I) → Ni(II) oxidation. 72 The cyclic voltammogram of zinc(II) complex (0.002 mol), was studied in 0.1 (TMAN) in DMSO at room temperature, in potential range -1.4 to +0.8 V with a scan rate of 100 mVs -1 , in the absence of molecular oxygen. The voltammogram shows quasi--reversible one-electron process. An interesting feature has been observed in the cyclic voltammogram of the zinc(II) complex.
During the forward scan it shows two cathodic reduction peaks, first at +0.34 V and second at -0.811 V which are attributed to reduction of Zn(II) → Zn(I) and Zinc(I) → Zn(0), respectively. During the reverse scan it shows two anodic oxidation peaks, one at -0.582 V and another at +0.65 V which are assignable to oxidation Zinc(0) → Zn(1) and Zinc(I) → Zn(II), respectively. [73] [74] [75] The X-ray diffraction measurements were obtained using a Philips X'pert-Pro System powder diffractometer with Bragg-Brentano geometry in continuous mode with a scanning speed of 1/2 o /min. A Cu Kα radiation tube with line focus was operated at 40 kV and 30 mA. The X-ray powder diffraction patterns were obtained in the range of 15-90 o , in steps of 0.02 o . The crystalline phase were identified by using the International Center for Diffraction Data (ICDD) catalogue. Rietveld refinement 76 procedures were performed for all diffraction patterns using the DBWS9807, as described by Young and Wiles. 77 The full width at the half-maximum (FWHM) of the diffraction peaks obtained from the refinement was used to calculate the particle size. The pseudo-Voigt function was selected to fit the peak profiles of the identified crystalline phases. Asymmetry coefficients, scale factors and lattice parameters for each phase and the background polynomial parameters were simultaneously refined. The X-ray diffraction data were determined by sing Cu Kα radiation (λ = 1.4506 Å). The average size of the samples was calculated with the help of the Debye-Scherrer equation (2) D = (0.9λ)/ (βCos(θ)) (2) where λ is the wavelength (Cu Kα), β is the full width at the halfmaximum (FWHM) of the metal oxide line and (θ) is the diffraction angle. The diffraction peaks indicate that the synthesized materials are in the nanometer range. Figure 5 shows the XRD pattern of the NiO particles prepared bythermal decomposition of [Ni(L) 2 (2). The average particles size was about 54.3 nm. Figure 6 shows the X-ray diffraction studies on zinc oxide obtained from [Zn(L) 2 (H 2 O) 2 ], (C3) complex at 750 o C. The data confirmed that the synthesized materials were ZnO with wurtzite phase. All the diffraction peaks agreed with the reported [80-0074, JCPDS] data; no considerable peaks were observed other than ZnO. 80 The pattern of peaks, confirms the common ZnO hexagonal phase, i.e., wrutzite structure. 
CONCLUSION
Synthesis and spectroscopic characterization of Ni(II), Cu(II) and Zn(II) complexes with a new Schiff base 2-((z)-(3-methylpyridin-2-yleimino)methyl)phenol are described. All the three compounds have the general formula [M(L) 2 (H 2 O) 2 ] where L = deprotonated phenol in the Schiff base 2-((z)methylpyridinyleimino)methyl)phenol; (Ligand). All three complexes have been synthesized in a one pot synthesis and characterized by elemental analysis, infrared spectra, electronic spectra, cyclic voltammetry, room temperature magnetic moments and X-ray diffraction. Copper(II) complex shows room temperature magnetic moment of 1.85 B.M. per copper atom and Nickel (II) complex 2.96 B.M. per nickel atom. The complexes show a peak in the negative region, characteristic of the M(II) → M(I) at Ep c = -0.880 V and -0.765 V for Cu(II) and Ni(II), respectively, with associated anodic peak at Ep a = -0.529 V for Cu(I) → Cu(II) oxidation. The anodic peak at Ep a = -0.567 V, is related to Ni(I) → Ni(II) oxidation. During the forward scan of Zn(II), it shows two cathodic reduction peaks, first at +0.34 V and second at -0.811 V which can be attributed to the reduction of Zn(II) → Zn(I) and Zinc(I) → Zn(0), respectively. The reverse scan for zinc oxidation, it shows two anodic oxidation peaks, one at -0.582 V and another at +0.65 V which can be assigned to the oxidation of Zinc(0) → Zn(1) and Zinc(I) → Zn(II), respectively. Decomposition of the complexes at 750 o C was analyzed with X-ray diffraction absorption and the particles size for NiO, CuO and ZnO are in the range of 30 to 80.19 to 40 and 29 to 64 nm, respectively.
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